The paper presents the results of analysis of duration of precipitation sequences and the amounts of precipitation in individual sequences in Legnica. The study was aimed at an analysis of potential trends and regularities in atmospheric precipitations over the period of 1966-2015. On their basis a prediction attempt was made for trends in subsequent years. The analysis was made by fitting data to suitable distributions -the Weibull distribution for diurnal sums in sequences and the Pascal distribution for sequence durations, and then by analysing the variation of the particular indices such the mean value, variance and quartiles. The analysis was performed for five six-week periods in a year, from spring to late autumn, analysed in consecutive five-year periods. The trends of the analysed indices, observed over the fifty-year period, are not statistically significant, which indicates stability of precipitation conditions over the last half-century.
INTRODUCTION
Among all the phenomena that have an effect on climate, precipitations are one of the most difficult to describe and analyse. They are dependent on many other factors, such as cloud cover or temperature, and display a high spatial variability [DEGIRMENDŽIĆ et al. 2004; ŻMUDZKA 2009] . Due to their sensitivity to other climate phenomena, and also to their variation in the course of a year, various proposals for the classification of measurements into specific groups appear in the analysis. The proposals range from all the months [BRZEŹNIAK 2009; DEGIRMENDŽIĆ et al. 2004] , individual months [CZARNECKA et al. 2012] , calendar seasons [BANASZKIEWICZ et al. 2008; BRZEŹNIAK 2009; CZARNECKA et al. 2012] , warm and cold half-years [BANASZKIEWICZ et al. 2008; BRZEŹNIAK 2009; CZAR-NECKA et al. 2012] , to entire years [BANASZKIEWICZ et al. 2008; BRZEŹNIAK 2009; DEGIRMENDŽIĆ et al. 2004] . Diurnal precipitations were analysed by, among others, CALOIERO et al. [2016] in the Calabria region in southern Italy. In their study they divided precipitations into categories depending on their diurnal intensity (from light to torrential). Next, they demonstrated that in the course of a year moderate precipitations are dominant. They also demonstrated that the number of less intensive precipitations increases, while there is a decrease in the number of more intensive ones. The variation of annual and monthly precipitations was also studied by WŁODEK et al. [2016] . In the analysed period of 1956-2012 in the Widawa River basin they observed a decreasing number of days with small precipitation (<1 mm), with a simultaneous increase of the mean diurnal precipitations in a year. Variations of those adopted time intervals, observed on the basis of analyses, displayed various trends in relation to the period under consideration. The authors of the above studies analysed the mean, minimum, maximum, standard deviation, and percentage of annual precipitation, and the coefficients of variation of monthly sums and irregularity of precipitation. Annual and seasonal sums of precipitation were analysed by KIRSCHENSTEIN [2005] in her study. The authors of those studied did not attempt to create models based on probability distributions of those processes. More ad-vanced statistical methods were proposed in the studies by BANASZKIEWICZ et al. [2008] , OTOP [2010] and JAKU-BOWSKI [1985] , who analysed the fit of suitable distributions to data. A two-parameter Gamma distribution was applied for the description of the distribution of precipitation amounts in the analysed periods [BANASZKIEWICZ et al. 2008; OTOP 2010] . That distribution was also analysed in relation to precipitations in a study by VLČEK et al. [2009] , and applied directly in analyses conducted by JIANG et al. [2014] . Pascal distribution was used for analysis of the distribution of duration of precipitation sequences by JAKUBOWSKI [1985] . Apart from direct fitting of probability distributions to data, also other approaches are proposed. RAMÍREZ-COBO et al. [2013] and TEIXEIRA--GANDRA et al. [2017] constructed stochastic models based on Markov processes, while MODARRES, SILVA [2007] and SAYEMUZZAMAN, JHA [2014] used time series in the analysis of seasonal and annual precipitation totals. Trends and tendencies in precipitations, also in correlation with temperature, were studied by MARTINEZ et al. [2012] .
Conclusions following from analysis of variation are not unambiguous. In certain cases an increase of diurnal sums of precipitation was observed. It was proved in spring months, for example in the region of Mazury Lake District (BANASZKIEWICZ et al. [2008] ) as well as on the territory of Poland in the period 1951 -2000 (DEGIRMEN-DŽIĆ et al. [2004 ), while other studies ([ŻMUDZKA 2009]) did not show any significant trend for the same area and period. Similar differences appeared for other studied seasons of the year. However, a common conclusions for all the researchers studying those phenomena is the fact that the precipitation tendencies, and consequently the climate tendencies, on the territory of Poland undergo changes in time CZARNECKA et al. [2012] .
MATERIAL AND METHOD
In relation to the proposals presented above, in this study an attempt was made at the use of probabilistic methods for the description of changes in the duration of precipitation sequences and of precipitation sums in those sequences in specific time intervals. Models were created on the basis of distributions selected for suitably constructed data groups, and the goodness of fit of the distributions chosen was estimated using Pearson's χ² test. The 50-year period under analysis was divided into consecutive fiveyear periods for which, in conformance with the selected distributions, the following characteristics were obtainedsuitably defined mean and variance, and 25, 50 and 75% quartiles. In certain cases, their analysis permits extrapolation of studied variations. Basing on fitted distributions and on observation of trends of analysed indices, conclusions were formulated concerning the predicted precipitation variation in consecutive years, in terms of precipitation duration and amounts, and periods of precipitation stability and instability in a year. All calculations were made on the basis on language R tools and in the program Mathematica, Wolfram Research, Inc.
The proposed models were developed for data acquired from the Institute of Meteorology and Water Management -National Research Institute (IMWM-NRI, Pol. Instytut Meteorologii i Gospodarki Wodnej -Państwowy Instytut Badawczy). The measurements were made in Lower Silesia, in Legnica, 51°12'19"N, 16°09'23"E. Legnica is a town with more than 100 thousand inhabitants, without any high-rise buildings, situated at the boundary of two lowlands -Śląsko-Łużycka and Śląska. Two rivers cross the town -the Kaczawa River, a tributary to the Odra River, the Czarna Woda River, which flows into the Kaczawa, and several streams. Legnica is situated in the moderate climate zone. In the period under study the mean annual precipitation was 533 mm, and the mean annual temperature for the reference multi-year period of 1971-2000 was about 8.836°C. The largest amount of precipitation is observed in July, the winter months being the driest. The coolest month is January, and the warmest ones -July and August. Figure 1 presents the distribution of monthly sums of precipitation and mean temperatures during a year. The data relate to the reference multi-year period of 1971-2000 and come from IMWM-NRI. Table 1 shows precipitation totals and numbers of precipitation sequences for individual years. One can observe that although the precipitation sums may differ significantly, the number of precipitation sequences in a year is relatively constant. The precipitation data were analysed in the aspect of two features -the duration of sequences of consecutive days with precipitation, and the sums of precipitation in a given sequence. A single rainless day in the middle of a sequence was treated as a day with trace precipitation -it did not contribute to the precipitation sum, but neither did it interrupt the sequence. Foregoing assumption has been made to separate individual rain sequences. The results of preliminary studies suggested that without cumulation of sequences separated by a single day without precipitation, the independence of subsequent processes could not be stated.
Taking into account the small amount of precipitation data over short time intervals and the fact that due to their high variation precipitation data cannot be analysed over long time periods, and basing on the results of an earlier study (JAKUBOWSKI [1985] Source: own study.
(18 th July-29 th August), and autumn (30 th August-11 th October). Taking into account dynamic changes in precipitation at the turn of June and July in the last years in the territory of Poland, six-weeks period between June 4 th and July 17 th was found to be particularly interesting and therefore selected for the study purpose, it was the subject for the first analyses. Inclusion the remaining months into the research, with exception of the winter period, while maintaining a six-week division resulted in the time intervals proposed above. In the case when precipitation occurred at the beginning or end of the analysed period, diurnal sums extending beyond the six weeks chosen were added to the precipitation totals. Rainy days extending beyond the studied period were also added to the sequence duration. In order to simplify the nomenclature the six-weeks periods were named after season which they overlap the most.
Each of the periods defined above was analysed in successive five-year periods (1966-1970, 1971-1975, 1976-1980, 1981-1985, 1986-1990, 1991-1995, 1996-2000, 2001-2005, 2006-2010, 2011-2015) . That way ten independent groups of data were obtained, each of which contained between twenty and thirty observations, both in the case of the sums and the sequence durations. For each of the groups a suitable probability distribution was estimated, based on which further analyses were conducted.
The Weibull distribution was used for the analysis of variation of precipitation sums in sequences. The goodness of fit of the distributions was tested with Pearson's χ 2 test. The Gamma distribution, proposed in references (JAKU-BOWSKI [1985] and BANASZKIEWICZ et al. [2008] ), was also well fitted to data analysed in this study, but based on the Akaike criterion [BOZDOGAN 1978; SNIPES, TAYLOR 2014; WAGENMAKERS, FARREL 2004] , it was decided that the data fitted the Weibull distribution better. The density function of the Weibull distribution is expressed as:
Where: λ = scale parameter, k = form parameter, are positive real numbers.
For the description of precipitation sequence duration a negative binomial distribution was applied (according to JAKUBOWSKI [1985] ). In this case the probability distribution function has the following form:
Parameters r > 0 and 0 < p < 1 belong to the set of real numbers.
Basing on the chosen distributions, for each of the analysed periods we determined the mean, variance and the first, second and third degree quartiles for precipitation sums in sequences, and also the mean and variance for sequence durations. This way, for each of the characteristics a ten-element vector of variation over the analysed 50-year period was obtained.
Basing on the studies by JAAGUS et al. [2016] , KUNDZEWICZ et al. [2005] and XIONG et al. [2015] , to determine the tendencies of the analysed characteristics the Mann-Kendall test was performed on the obtained data groups. That test, in various variants, was also used by CHATTERJEE et al. [2016] , HAMED [2008] and by NEMA et al. [2018] . In accordance with the studies by KUNDZEWICZ et al. [2005] , RADZIEJEWSKI et al. [2000] and , for the estimation of tendencies an index was applied basing on the p-value of the Mann-Kendall test (α). The index was defined as follows: 1 for increasing trends for decreasing trends
Customarily, the TI is multiplies by 100% so that it assumes values from −100% to 100%. High positive values of the index suggest increasing trends of the analysed characteristic, and high negative values indicate its decreasing trends in the analysed period. The index allows also to determine the statistical significance of a given trend. For example, a trend is significant at the level of 10% if TI ≥ 90% or TI ≤ −90% .
RESULTS AND DISCUSSION
The Weibull distribution proved to be very well fitted to precipitation sums in sequences -probabilities of goodness of fit of the particular data groups with the Weibull distribution, calculated with the use of the χ² test, were not lower than 0.05. Table 2 presents the probabilities of goodness of fit of the distributions for all five-year periods in the individual periods analysed.
A negative binomial distribution describes well the variation of precipitation sequence durations -probabilities of goodness of fit resulting from Pearson's χ² test were at a satisfactory level, being equal to a higher than 0.05. The probabilities of goodness of fit for all five-year periods in the individual periods analysed are presented in Table 2 . In consequence of the very good fit of the chosen distributions to the data, an attempt was made at analysing the variation of distributions of precipitation sums in sequences and of precipitation sequence durations in consecutive five-year periods. Approximation of variation of the analysed characteristics, mean, variance and quartiles, was performed using the Mann-Kendall test. Table 3 presents values of TI index for characteristics studied in the analysis of distribution of sequence durations and precipitation amounts in sequences. Attention should be drawn to the fact that none of the identified trends was statistically significant, at the adopted 90% interval of confidence. We cannot, therefore, reject the hypothesis of a lack of linear trends on the analysed data sets. This conclusion is similar to those formulated in earlier studies. MODARRES, SILVA [2007] , TABARI, TALAEE [2011] , and SAYEMUZZAMAN, JHA [2014] , studying precipitation data from the areas of Iran and North Carolina, observed statistically significant trends, both decreasing and increasing, in specific short several-year periods. However, they did not confirm the existence of an unambiguous decreasing or increasing trend for entire multi-year periods, or for specific periods within a year. Similar conclusion was drawn from the analysis of precipitation data from the area of Poland. According to CZARNECKA et al. [2012] , changes in precipitation amounts in multi-year periods do not display any significant linear trends. Explanations: μ = mean, σ 2 = variance, Q 1 = 20-percent quartile, Q 2 = 50--percent quartile, Q 3 = 75-percent quartile. Source: own study.
In view of the absence of statistically significant trends in the precipitation data for the last fifty-year period, we can infer general stability of the precipitation phenomena in the studied area. A similar conclusion appears in the case of direct analysis of parameters of the Weibull and Pascal distributions fitted to data from consecutive ten-year periods in the chosen periods of the year. Although both the precipitation sums in sequences and the sequence durations over the years appear to be fairly varied, the distributions, with minor exceptions, behave in a similar manner. This is illustrated in Figures 4 and 5 , relating to the entire fifty-year period under study. The probabilities of occurrence of precipitation with a given amount in each of the analysed periods follow a characteristic pattern over the space of the entire fifty-year period. Irrespective of what happens in the case of small and high precipitations, in each of the chosen periods the probabilities of occurrence Apart from the analysis of the distribution parameters, an attempt was also made at analysing simple time series represented by five-and fifteen-year moving averages of the mean diurnal precipitation in a sequence. In all the years, for each of the analysed periods, the mean diurnal precipitation in a sequence was calculated by dividing the precipitation sum of the period by the sum of the sequence durations that occurred in that time. Due to the high variation of the five-year average in time, the analysis of variation was conducted by comparing it to the fifteen-year average. Observations of the five-and fifteen-year moving averages allow to formulate a conclusion on cyclic changes of the analysed characteristics. However, the cycles are not regular, and they have different lengths for each of the analysed periods. The five-and fifteen-year moving averages are presented in Figure 6 . The broken lines superimposed on the graphs represent trends of changes of the moving averages in the fifty-year period under analysis.
The common point for the analysed six-week periods is the period ending the analysed fifty-year period, i.e. what happens after the year 2010. In each case the fiveyear average of precipitation sum has then an increasing trend, and apart from early summer it is higher than the fifteen-year average. In early summer it remains in the increasing trend, while for the remaining periods it decreases, and apart from the late summer period remains at a high level. The differences between five-and fifteen-year averages after the year 2010 indicate possible changes in tendencies of the precipitations, observed before in spring season by, among others, BANASZKIEWICZ et al. [2008] and DEGIRMENDŽIĆ et al. [2004] , and in spring and autumn by CZARNECKA et al. [2012] .
Analysing the behaviour of the five-year average relative to the fifteen-year average over the entire fifty-year period, in specific periods one can observe characteristic oscillations and different trends of the averages.
The spring period is characterised by small and irregular oscillations of the five-year average sum of precipitation around the fifteen-year average. The most noticeable is the increase of the average sum of precipitation around the year 1980, followed by a decrease in the years 1995-2005. The fifteen-year average remains at a constant level.
In late spring was can observe regular oscillations of the five-year average around the fifteen-year average in more or less ten-year cycles. The most observable is the increase of the average after 1980 and its decrease after 1990. The fifteen-year average remains at a constant level, without any greater deviations.
In early summer one can observe two characteristic periods. Until 1995 the precipitation averages decrease systematically. Then the trend reverses, both in the case of the five-and the fifteen-year average. The most distinctive in the entire fifty-year period is the ten-year period of 1995-2005, when the five-year average is significantly higher than the fifteen-year average. That period includes the year of the 1997 Central European flood.
In the period of late summer both averages display decreasing trends, until 1995, after which there is an increase of the fiveyear average. In the period of 1985-1997 the five-year average of precipitation sums is lower than the fifteen-year average. In the other periods it remains above the fifteen-year average, or becomes equal to it.
In autumn the oscillations of the five-year average form cycles of 7-10 years. Until 1994 there are distinct deepening decreases of the five-year average, followed by increasingly high increments in the years 1994-2000 and after 2010.
In the final three analysed periods (early sum- Fig. 6 . Five-and fifteen-year moving averages of mean precipitation sums in consecutive analysed periods in a year: a) spring, b) late spring, c) early summer, d) late summer, e) autumn; source: own study
